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MRAM ARRAY HAVING A SEGMENTED BIT LINE 



BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention generally relates to memory devices. More 
specifically, the present invention relates to magnetoresistive random access memory 
(MRAM) devices. 

Description of the Related Art 

[0002] In a magneto-resistive random access memory (MRAM) device, a plurality 
of memory cells (i.e., MRAM ceils) is typically arranged in a cross-point array, wherein 
each MRAM cell is sandwiched at an intersection of bit and word lines facilitating the 
read and write operations of the MRAM device. Such bit and word lines are known as 
"global bit lines" and "global word lines", respectively. 

[0003] An MRAM cell generally comprises a magnetic structure known as a 
"magnetic tunnel junction" (MTJ). In the MRAM cell, information is stored in the form 
of a direction of magnetization in a magnetic layer of the MTJ. Stored information may 
be preserved for long periods of time without use of sources of energy. 

[0004] The MTJ comprises soft and hard magnetic layers that are separated by an 
insulating non-magnetic tunnel layer. Writing information in the MRAM cell is 
performed by magnetizing the soft magnetic layer in either one of two opposing 
directions, while the hard magnetic layer permanently maintains its state (i.e., 
direction) of magnetization. Stored information may be read by sensing the electrical 
resistance of the MTJ, which differs whether the magnetic layers are magnetized in 
the same or opposing directions. Magnetic fields used for operating the MRAM cell 
are created using programming currents propagating along the global bit and word 
lines ("write" operation) or a current that passes through the MTJ ("read" operation). 

[0005] FIG. 1A depicts a schematic diagram of a portion of a typical cross-point 
MRAM array 100. The images in FIG. 1A are not depicted to scale and are simplified 
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for illustrative purposes. The MRAM array 100 may be formed on a substrate 102 
(shown using phantom lines), for example, a semiconductor substrate, such as a 
silicon (Si) substrate, and the like. The MRAM array 100 generally comprises a 
plurality of MRAM cells 104, a plurality of bit lines 108, and a plurality of word lines 
112, as well as dielectric layers (not shown) providing electrical isolation and 
environmental protection for the MRAM cells and global lines 108, 112. The MRAM 
array 100 may comprise up to, for example, 2048 or more MRAM cells and, 
correspondingly, global bit and word lines. Herein the global bit lines 108 and global 
word lines 112 are identified using the same reference numerals, except that the 
suffixes "k-1", "k", "k+1", and so on have been added to differentiate between 
adjacent lines. 

[0006] An MRAM cell 104 generally comprises a magnetic tunnel junction (MTJ) 
114 having a thin non-magnetic dielectric layer 118 sandwiched between a soft 
magnetic layer 116 and a hard magnetic layer 120. The layers 116 and 120 are 
known as a "free magnetic layer" and a "reference magnetic layer", respectively. The 
MRAM cell 104 may also comprise optional film electrodes (not shown) to enhance 
electrical coupling between the MTJ 114 and global lines 108, 112. The magnetic 
orientation of the free magnetic layer 116 can be changed by superposition of the 
magnetic fields caused by programming currents 106 and 110 propagating along the 
respective bit line 108 K and word line 112 K of the cross-point MRAM array 100. 
However, the programming currents 106, 110 cannot change the magnetic orientation 
of the reference layer 120. Information is stored in the MTJ 114 by changing the 
orientation of magnetization of the free magnetic layer 116 relatively to the reference 
layer 120. When orientations of magnetization in the layers 116 and 120 are the 
same, the MTJ 114 has low electrical resistance. Such a resistance is high when the 
layers 116 and 120 are magnetized in opposite directions. 

[0007] FIG. 1B depicts a schematic equivalent circuit 150 of the portion of the 
MRAM array 100 shown in FIG. 1A. The circuit 150 is conventionally simplified for 
illustrative purposes. The circuit 1 50 generally comprises conductors (global bit lines) 
108 K -i-108 K+ 2 that form a cross-point array with the conductors (global word lines) 
112 K -i-112k+2 using a plurality of resistive elements 122. Each resistive element 122 
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represents the MRAM cell 104 that is disposed at intersection of the respective global 
bit and word lines of the MRAM array 100. The resistive element 122 has a resistance 
Rmtj = V/Imtj, where V is a voltage applied across the MRAM cell, and Imtj is a current 
through the MRAM cell. 

[0008] During a write operation, non-selected MRAM cells form parasitic leakage 
current paths through the resistive elements 122, thereby causing program disturbs of 
the MRAM cells in the array 100 due to unprecise value of programming (i.e., write) 
currents. 

[0009] During a read operation, the current l MTJ may have two discrete values 
l MT j(0) and Imtjo), which correspond to the "0" and "1" memory states of the MRAM 
cell, respectively. Leakage currents flowing through the MRAM cells during the read 
operation have a value l L which is comparable with the value of the currents I M tj(0) and 
l MTJ(1) . The currents l L are undesirable leakage currents that reduce the signal-to-noise 
(S/N) ratio of the read operation and cause program disturbs in the array 100. 

[0010] Intensity of the cross-talk between the MRAM cells increases with a number 
of the cells in the MRAM array. Such cross-talk reduce a signal-to-noise (S/N) ratio of 
read and write operations and limit the information capacity of the MRAM device. In 
the MRAM array 100 having NxN = N 2 MRAM cells, during the write operation, a total 
leakage current l s from a global bit line is approximately N times greater than the 
single cell current l L , i.e., h = NI L . To be functional, the MRAM array 100 comprises 
MRAM cells having a high resistance Rmtj. However, during the read operation, the 
current flowing through such MRAM cells (i.e., read current) is small and difficult to 
sense. 

[0011] As such, high leakage currents l L and high resistance Rmtj result in a low 
S/N ratio of read and write operations in the MRAM device that uses the array 100. 
Generally, the S/N ratio in conventional cross-point MRAM arrays (e.g., array 100) 
becomes worse in high-density arrays where bit lines are coupled to a greater number 
of the MRAM cells. 

[0012] Therefore, there is a need in the art for a magneto-resistive random access 

memory (MRAM) array having low leakage currents. 
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SUMMARY OF THE INVENTION 

[0013] A magneto-resistive random access memory (MRAM) array comprises 
global bit lines segmented using a plurality of local bit lines and a plurality of switches 
controlled using a controller of read and write operations of an MRAM device. Each 
local bit line is electrically coupled to at least one MRAM cell and each switch. During 
a read operation, the switch connects a global bit line to at least one local bit line or, 
during a write operation, disconnects the global bit line from the at least one local bit 
line. The MRAM array has low leakage currents and facilitates a high signal-to-noise 
(S/N) ratio of read and write operations. 

[0014] Another aspect of the invention is a method of fabricating an MRAM device 
comprising forming at least one MRAM array having a plurality of local bit lines, each 
local bit line electrically coupled to at least one MRAM cell, a plurality of switches, 
each switch selectively connecting a global bit line to at least one local bit line, and a 
plurality of select lines. Each select line has a first terminal coupled to a control input 
of one of said switches and a second terminal coupled to a controller of read and 
write operations of the MRAM device. 

[0015] Yet another aspect of the invention is an MRAM device comprising at least 
one MRAM array having a plurality of local bit lines, each local bit line electrically 
coupled to at least one MRAM cell, each switch selectively connecting a global bit line 
to at least one local bit line, and a plurality of select lines. Each select line has a first 
terminal coupled to a control input of one of said switches and a second terminal 
coupled to a controller of read and write operations of the MRAM device. 

[0016] Still another aspect of the invention is a method of increasing a signal-to- 
noise ratio of an MRAM device during read and write operations by segmenting a 
global bit line using a plurality of local bit lines, a plurality of switches, and a plurality of 
select lines, each select line having a first terminal coupled to a control input of one of 
said switches. Each local bit line is coupled to at least one MRAM cell, each switch 
connects the global bit line to at least one local bit line or disconnects the global bit 
line from the at least one local bit line, and the switches are controlled using a 
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controller of the read and write operations which is coupled to second terminals of the 
select lines. 

[0017] Yet another aspect of the invention is an MRAM device comprising a global 
bit line, a plurality of cell groups, each cell group comprising at least one MRAM cell, a 
switch for each cell group configured selectively connect and disconnect the 
respective cell group from the global bit line. 

[0018] Still another aspect of the invention is a method of performing read and 
write operations in an MRAM device comprising segmenting a global bit line using a 
plurality of local bit lines, a plurality of switches, and a plurality of select lines, each 
select line having a first terminal coupled to a control input of one of the switches. 
Each local bit line is coupled to at least one MRAM cell, and each switch selectively 
connects the global bit line to at least one local bit line. During a read operation, the 
switches connect the local bit line coupled to the selected MRAM cell and to 
disconnect the local bit lines other than that local bit line. During a write operation, the 
switches disconnect the local bit lines coupled to the non-selected MRAM cell. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The teachings of the present invention can be readily understood by 
considering the following detailed description in conjunction with the accompanying 
drawings, in which: 

[0020] FIG. 1 A depicts a schematic diagram of a portion of an MRAM array; 

[0021] FIG. 1B depicts a schematic equivalent circuit of the portion of the MRAM 
array of FIG. 1A; 

[0022] FIG. 2A depicts a schematic diagram of a portion of an MRAM array having 
a segmented global bit line in accordance with one embodiment of the present 
invention; 

[0023] FIG. 2B depicts a schematic equivalent circuit of the portion of the MRAM 
array of FIG. 2A; 

[0024] FIG. 3A depicts a schematic diagram of a portion of an MRAM array having 
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a segmented global bit line in accordance with another embodiment of the present 
invention; 

[0025] FIG. 3B depicts a schematic equivalent circuit of the portion of the MRAM 
array of FIG. 3A; 

[0026] FIG. 4A depicts a schematic diagram of a portion of an MRAM array having 
a segmented global bit line in accordance with still another embodiment of the present 
invention; 

[0027] FIG. 4B depicts a schematic equivalent circuit of the portion of the MRAM 
cross-point array of FIG. 4A; and 

[0028] FIG. 5A-5B depict exemplary schematic layouts of portions of the MRAM 
array of FIG. 3A. 

[0029] To facilitate understanding, identical reference numerals have been used, 
where possible, to designate identical elements that are common to the figures. 

[0030] It is to be noted, however, that the appended drawings illustrate only 
exemplary embodiments of this invention and are therefore not to be considered 
limiting of its scope, for the invention may admit to other equally effective 
embodiments. 

DETAILED DESCRIPTION 

[0031] The present invention is a magneto-resistive random access memory 
(MRAM) array comprising global bit lines, which are segmented using a plurality of 
local bit lines and a plurality of switches. A local bit line is electrically coupled to at 
least one MRAM cell, and a switch is controlled using a select line coupled to a 
controller of read and write operations of an MRAM device. During a read operation, 
the switch connects a global bit line to at least one local bit line or, during a write 
operation, the switch disconnects the global bit line from the at least one local bit line. 
The inventive MRAM array has low leakage currents and facilitates a high signal-to- 
noise (S/N) ratio of read and write operations in the MRAM device. 

[0032] FIG. 2A depicts a schematic diagram of a portion of an MRAM array 200 
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having global bit lines that are formed in accordance with one embodiment of the 
present invention. For convenience, components described above in reference to FIG. 
1A are indicated by like numerals. Similar to FIG. 1A, elements of FIGS. 2A, as well 
as the elements of FIGS. 3A, 4A and 5A-5B below, are not depicted to scale and are 
simplified for illustrative purposes. Segmentation of the global bit lines (global bit line 
222 K is shown) is performed using a plurality of segment structures 220 (segment 
structures 220 s and 220 s +i are shown). Corresponding components of the segment 
structures 220 are identified using the same reference numerals, except that the 
suffixes "s" and "s+1" have been added to differentiate between adjacent segment 
structures. Such components of the segment structures 220 may be fabricated on the 
substrate using conventional thin film techniques contemporaneously with fabrication 
of other components of the MRAM array 200. 

[0033] The global bit line 222 K may comprise from 1 to 128 or more segment 
structures 220. Each segment structure 220 generally comprises a local bit line 202, a 
dielectric layer 212, a switch 204, and a select line 210. In this embodiment, the 
MRAM cells 104 are coupled to the global word lines 232 K -i-232 K+ 6 which are formed 
closer to the substrate 201 (shown using phantom lines in FIGS. 5A-5B below) than 
the local bit lines 202 and global bit line 222«. For convenience, operation of the 
MRAM array 200 is described below in reference to the segment structure 220 s . Other 
segment structures 220 of the MRAM array 200 (e.g., segment structure 220 s+ 0 
operate similar to the segment structure 220 s . 

[0034] The local bit line 202 s and the select line 210 s are generally film lines that 
may be formed from copper (Cu), aluminum (Al), or other conductive material. The 
local bit line 202 s is electrically coupled to the free magnetic layers 1 16 of a group (or 
segment) 214 s of the MRAM cells 104 and is electrically isolated from the global bit 
line 222 K using the dielectric layer 21 2 S . One end (terminal) of the select line 21 0 S is 
coupled to a control input 208 s of the switch 204 s , while the other terminal of the line 
210 s is coupled to a controller 240 of read and write operations of the MRAM device. 
The MRAM device may comprise one or more MRAM arrays 200. In one exemplary 
embodiment, the global bit line 222 K and local bit line 202 s run parallel and are 
vertically separated from one another. As such, the global line 222 K is magnetically 
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coupled to the free magnetic layers 1 16 of the MRAM cells of the segment 21 4 S . 

[0035] In the depicted embodiment, the segment 214 s illustratively comprises four 
MRAM cells 104. In other embodiments, the segment 21 4 S may comprise either more 
or less than four MRAM cells 104. In one aspect, a number of the MRAM cells 104 in 
the segment 214 s may vary in a range from 1 to 128. Generally, the number of the 
MRAM cells 104 in the segment 214 s is greater in high-density MRAM arrays or 
arrays comprising MRAM cells having low leakage currents. 

[0036] The switch 204 s is generally a bi-directional switch. In one embodiment, the 
switch 204 s comprises a transistor 206 s , such as a small metal-oxide-semiconductor 
field effect transistor (MOSFET) having a gate electrode coupled to the control input 
208 s . Using the select line 210 s , the controller 240 may set the switch 204 s (e.g., 
transistor 206 s ) to either a conductive state or a non-conductive state. When set to 
the conductive state, the switch 204 s electrically couples the global bit line 222 K to the 
local bit line 202 s , and when set to the non-conductive state, the switch 204 s 
electrically isolates the global bit line 222« from the local bit line 202 s , respectively. 

[0037] FIG. 2B depicts a schematic equivalent circuit 250 of the portion of the 
MRAM array 200 shown in FIG. 2A The circuit 250 is conventionally simplified for 
illustrative purposes. The circuit 250 generally comprises the global bit line 222 K and 
networks 252 (networks 252 s and 252 s+ i are shown), corresponding to the segment 
structures 220. The global bit line 222 K is coupled to the local bit line 202 s of the 
network 252 s using the transistor 206 s and is coupled to the local bit line 202 s+ i of the 
network 252 s+ i using the transistor 206 s+ i, respectively. Gate electrodes 208 s and 
208 s+ i of the transistors 206 s and 206 s+ i are coupled to the select lines 21 0 S and 
210 s+ i, respectively. Each resistive element R M tj represents the MRAM cell 104 
disposed between the local bit line 202 s or local bit line 202 s+ i and one of the global 
word lines 232 K -i-232 K+ 6. 

[0038] During the write operation, the switches coupled to the global bit line 222«, 
including the switch 204 s , are set to a non-conductive state. When the switch 204 s is 
in the non-conductive state, there is no electrical path between the global bit line 222 K 
and local bit line 202 s . As such, during the write operation, the MRAM cells 104 in the 
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MRAM array 200 may be magnetically coupled to the global bit line 222 K , while 
electrically the cells are isolated from the line 222 K . Specifically, the free magnetic 
layers 116 (shown in FIG. 2A) of the MRAM cells 104 may be magnetically coupled to 
the write current propagating along the global bit line 222 K , however, there are no 
leakage currents l L flowing through the MRAM cells of the segment structures 220 s or 
220 s+ i. Such an arrangement facilitates a global bit line having a total leakage current 
l s = 0. 

[0039] During the read operation, the switch 204 s is set to a conductive state, while 
all other switches coupled to the global bit line 222 K are set to the non-conductive 
state. The read current flows through a conductive path comprising the global bit line 
222 K , local bit line 202 s , and one of (i.e., selected) global word lines 232 K . Since all 
switches 204, except the switch 204 s , are set to the non-conductive state, there are 
no leakage currents through the MRAM cells of the non-selected (i.e., other than the 
segment structure 220 s ) segment structures 220. Further, a number of paths for any 
leakage currents is limited to a number of the non-selected global word lines 232 
within the selected segment structure 220 s . In the depicted embodiment, the number 
of such paths is three, and, when the segment 214 s comprises one MRAM cell 104, 
all paths for the leakage currents l L are eliminated. 

[0040] The MRAM array 200 facilitates read and write operations having low or no 
leakage currents. Such MRAM array may use MRAM cells having low resistance R M tj. 
thereby providing a high S/N ratio of the read and write operations in the MRAM 
device that uses the array 200. 

[0041] FIG. 3A depicts a simplified schematic diagram of a portion of an MRAM 
array 300 having global bit lines (global bit line 222 K is shown) that are segmented in 
accordance with another embodiment of the present invention. Segmentation of the 
global bit lines in the MRAM array 300 is performed using a plurality of segment 
structures 320 (segment structures 320 s and 320 s+ i are shown). The segment 
structures 320 s , 320 s+ i are generally "mirror" images of the segment structures 220 s , 
220 s+ i discussed above reference to FIG. 2A. More specifically, in the MRAM array 
300, the MRAM cells 104 are disposed upon the local bit lines (lines 202 s , 202 s+ i) of 
the corresponding global bit line (line 222 K ), and the global and local bit lines are 
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formed generally closer to the substrate 201 than the corresponding global word lines 
(lines 232k-i-232 k+6 ). To facilitate the write operation, the free magnetic layers 116 of 
the MRAM cells 104 are formed proximate the local and global bit lines, while the 
reference layers 120 are formed proximate the global word lines. 

[0042] FIG. 3B depicts a schematic equivalent circuit 350 of the portion of the 
MRAM array 300 shown in FIG. 3A. The circuit 350 is conventionally simplified for 
illustrative purposes. The circuit 350 generally comprises the global bit line 222 K and 
networks 352 (networks 352 s and 352 s+ i are shown), corresponding to the segment 
structures 220. The networks 352 s and 352 s+ i schematically are identical to the 
networks 252 s and 252 s+ i, respectively, and operation of the circuit 350 is similar to 
operation of the circuit 250 discussed above in reference to FIG. 2B. 

[0043] Similar to the MRAM array 200 discussed above in reference to FIG. 2A, 
the MRAM array 300 facilitates read and write operations having low or no leakage 
currents and may use MRAM cells having low resistance R M tj- As such, in the MRAM 
device using the array 300, the read and write operations may be performed with a 
high S/N ratio. In certain applications, the MRAM array 300 may also have a circuit 
density (i.e., a number of MRAM cell per unit area of the substrate) that is greater 
than that of the MRAM array 200. 

[0044] FIG. 4A depicts a schematic diagram of a portion of an MRAM array 400 
having global bit lines (global bit line 222« is shown) that are segmented in 
accordance with still another embodiment of the present invention. In the MRAM array 
400, to increase circuit density of the array, the segment structures 420 (segment 
structures 420 s and 420 s +i are shown) comprise stacked local bit lines (lines 202 s and 
402s, and 202 s+ i and 402 s+ i are shown) and segments (segments 214 s and 41 4 S , 
and 214 s +i and 414 s+ i are shown). The switch 204 s controls electrical coupling 
between the global bit line 222 K and the stacked local bit lines 202 s and 402 s , as well 
as the switch 204 s+ i similarly controls electrical coupling between the global bit line 
222 K and the stacked local bit lines 202 s+ i and 402 s+ i. The MRAM cells coupled to 
the local bit lines 202 s , 202 s+ i, 402 s , and 402 s+ i are further electrically and 
magnetically coupled to the global word lines 232 K -i-232 K +2, 232k+ 3 -232k+ 6 , 232 k +7- 
232 k+ io, and 232 K+ n-232 K+ i4, respectively. 

10 



Infineon Docket No. 2003P50139US 
OC Docket No. INFN/0014 
Express Mail No. EV331 2351 68US 

[0045] In the depicted embodiment, MRAM cells of the segments 214 s and 214 s +i 
are magnetically coupled to the global bit line 222 K , while the MRAM cells of the 
segments 414 s and 414 s+ i are magnetically coupled to a separate (e.g., non- 
segmented) global bit line 422 (bit line 422 K is shown). The global bit line 422 K is 
generally disposed below the segments 414 s and 414 s+ i and electrically is isolated 
from the global bit lines 222 and the word lines 232. The local bit lines 202 s and 
202 s+ i are electrically isolated from the global bit line 222 K using the dielectric layers 
212 s and 212 s+ i, while the local bit lines 402 s and 402 s+ i, are similarly electrically 
isolated from the underlying separate global bit line 422« using dielectric layers 41 2 S 
and 412 s +i, respectively. 

[0046] In the MRAM array, the global bit line 422 K is used only for executing a 
program (i.e., write) operation for the MRAM cells of the segments 414 s and 414 s+ i- 
The read operation upon the MRAM cells of the stacked segments 214 s and 414 s , 
and 214 s+ i and 414 s+ i is performed using switches 204 s and 204 s+ i that couple the 
respective local bit lines (i.e., lines 202 s and 402 s , and 202 s+ i and 402 s+ i) to the 
global bit line 222 K , as described above in reference to FIG. 3A. 

[0047] In alternate embodiments, this concept of using stacked segments of the 
MRAM cells may be readily extended to the arrays having more than one additional 
level of vertically stacked segments, wherein the cells of each such level are coupled 
magnetically to a corresponding separate global bit line, as well as are coupled 
electrically to the underlying global bit line 222. Furthermore, such a concept may be 
extended to cross-point arrays of non-magnetic memory cells (e.g., polymeric memory 
cells) where underlying separate global bit lines may be optional or not be needed. 

[0048] FIG. 4B depicts a schematic equivalent circuit 450 of the portion of the 
MRAM array 400 of FIG. 4A. The circuit 450 is conventionally simplified for illustrative 
purposes. The circuit 450 generally comprises the global bit line 222 K , networks 452 
(networks 452 s and 452 s+ i are shown) corresponding to the segment structures 420, 
and the separate global bit line 422 K . In the network 452 s or 452 s+ i, one transistor 
(transistor 206 s or transistor 206 s+ i) is used, during the read operation, to connect the 
global bit line (line 222 K ) to stacked local bit lines (lines 202 s and 402 s , or 202 s+ i and 
402 s +i) or, during the write operation, to disconnect the global bit line from the 
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stacked local bit lines. Otherwise, the circuit 450 operates similar to the circuits 250 
and 350 discussed above in reference to FIGS. 2B and 3B. The separate global bit 
line 422 K is electrically isolated from the global bit line 222 K and networks 452, 
however, the line 422 K is magnetically coupled to MRAM cells of the segments 414 s 
and 414 s +i. In operation, the MRAM array 400 has same the advantages as the 
MRAM arrays 200 and 300 discussed above in reference to FIGS. 2A and 3A and, 
additionally, facilitates fabrication of the MRAM devices having high device density 
and occupying small areas of the substrate. 

[0049] FIG. 5A depicts an exemplary schematic layout of a portion 500 of the 
MRAM array of FIG. 3A formed of the substrate 201 . By convention, the material 
layers of FIG. 5A are shown as transparent films. Specifically, FIG. 5A depicts an 
exemplary layout of portions of a global bit line 522« comprising a segment structure 
520 S (K) and a global bit line 522 K+ i comprising a segment structure 520 S (k+d. The 
segment structure 520 S (K) comprises four MRAM cells 104 disposed upon a local bit 
line 502 S (K) and the segment structure 520 S (k+d comprises four MRAM cells 104 
disposed upon a local bit line 502 s <k+i), respectively. Contact pads 544 and 504 
complete vertical current paths from the local bit lines 502 S (k> and 502 S (k+d to 
transistors 506 S (k> and 506 S (k+d (discussed in reference to FIG. 5B below) of the 
segment structures 520 S (k> and 520 S (K+1), respectively. Such current paths are 
illustratively formed using metal interconnects 516 and 508 coupled to landing pads 
504/508 and 544/512 (shown in FIGS. 5A-5B) of the transistors 506 S(K )and 506 S (k+d- 
Alternatively, deep contacts without landing pads are also possible, as well as special 
long contacts (not shown) providing connection to the stacked segments 41 4 S , and 
414 s+ i (discussed in reference to FIGS. 4A-4B above). The global word lines 532 K -i- 
532k+2 (shown using broken lines) are coupled to the reference layers of the MRAM 
cells 104 and run substantially orthogonal to the global bit lines 522 K , 522 K+ i- 

[0050] FIG. 5B depicts an exemplary schematic layout of a portion 550 of the 
segment structures 520 S (k> and 520 S (k+d depicted in FIG. 5A. By convention, the 
material layers of FIG. 5B are shown as transparent films. Specifically, FIG. 5B 
depicts an exemplary layout of active areas 536 and 538 of the transistors 506s(K>and 
506s(k+i>. respectively. In one embodiment, each such active area comprises a 
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contact pad (pads 524 and 526) and a stacked interconnect (interconnects 530 and 
528). Alternatively, an additional landing pad (not shown) may be conventionally 
disposed between the stacked interconnects. The active areas 536 and 538 are 
coupled using a polysilicon gate electrode 542 having a metal stitch 534. The pads 
524 and 526 couple the transistors 506 S (K) and 506 S (k+d to the local bit lines 502 s <k) 
and 502 S (K+i), while interconnects 528 and 530 couple these transistors to the global 
bit lines 522 K and 522 K+ i, respectively. The metal stitch 534 facilitates a low- 
resistance path between the polysilicon gate electrode 542 and the select lines (not 
shown in FIG 5B) that are coupled to the controller 240 (discussed in reference to 
FIG. 3A above). Using the select lines, during the read operation, transistors 506 s <k) 
and 506 S (K+i) are set to a conductive state and, during the write operation, the 
transistors are set to the non-conductive state. 

[0051] The invention may be practiced using other MRAM arrays wherein 
parameters may be adjusted to achieve acceptable characteristics by those skilled in 
the arts by utilizing the teachings disclosed herein without departing from the spirit of 
the invention. Although the forgoing discussion referred to fabrication of the MRAM 
array, fabrication of the other magnetic and non-magnetic memory devices and 
structures used in the integrated circuits can benefit from the invention. 

[0052] While the foregoing is directed to the illustrative embodiment of the present 
invention, other and further embodiments of the invention may be devised without 
departing from the basic scope thereof, and the scope thereof is determined by the 
claims that follow. 
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